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(54) OPTICAL INFORMATION RECORDING MEDIUM AND PRODUCTION METHOD THEREFOR 

(57) An optical information recording medium of the 
present invention includes at least m (m is an integer of 
2 or more) information layers, and each of the informa- 
tion layers includes a recording layer that changes irre- 
versibly between a state A and a state B that are opti- 
cally different from each other. In the case where the m 
information layers are taken as the first through m-th in- 
formation layers in the order from a laser beam inci- 
dence side, when a recording layer included in the j-th 
information layer (j is an integer satisfying 1 < j < m - 1) 
is taken as the j-th recording layer, and when a trans- 
mittance of the j-th information layer at the time when 
the j-th recording layer is in the state A is TAj (%) and a 
transmittance of the j-th information layer at the time 
when the j-th recording layer is in the state B is TBj (%), 
the following relationship is satisfied in the j-th informa- 
tion layer: 

0 < ITAj - TBj I / (TAjJBj)max < 0.1 0 

where (TAj,TBj)max is a larger value of TAj and TBj. Fur- 
thermore, at least one recording layer of the first through 
(m - 1)th recording layers is formed of a material having 
a complex index of refraction (n - ik, where n is a refrac- 
tive index and k is an extinction coefficient) that is dif- 
ferent from that of the m-th recording layer. 




Laser beam 



FIG.1 
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Description 

Technical Field 

5 [0001] The present invention relates to an optica! information recording medium on/from which information can be 
recorded/reproduced with a high density at a high speed using opticai means such as irradiation with a laser beam, 
and a method for manufacturing the same. 

Background Art 

10 

[0002] Optical information recording media such as magneto-optical recording media and phase-change recording 
media are known as information recording media having a high capacity on/from which information can be recorded/ 
reproduced at a high speed. These optical information recording media utilize the difference in the optical characteristics 
of a recording material generated by irradiating the recording material locally with a laser beam as a record. These 

15 optical information recording media are very advantageous in that they can be accessed randomly, if necessary, and 
also have excellent portability, so that the importance thereof has been increasingly growing in recent years. The 
demand for them is increasing in various fields including a medical field, an academic field, etc. and for various purposes 
including, for example, recording and storing personal data or image information with computers and substituting for 
home video tapes. Presently, with higher performance of applications and higher quality of image information, it is 

20 required to increase the capacity, density, and speed of these optical information recording media even more. 

[0003] As one means for achieving a higher density, optical information recording media having a plurality of infor- 
mation layers have been proposed, and for example, a technique of laminating two information layers formed by using 
a write-once material has been proposed (e.g., see International Publication No. 98/09823). 

[0004] However, when such an optical information recording medium including two or more information layers is to 
25 be realized, recording/reproduction of information on/from an information layer located farther when viewed from a 
laser beam incidence side (arranged away from a plane to which a laser beam is incident) may be affected by an 
information layer located nearer (the laser beam incidence side). 

That is, in the case where the transmittance of the information layer on the near side changes according to whether 
or not recording has been performed, when information is recorded/reproduced on/from the information layer located 

30 on the far side using a laser beam having passed through the Information layer on the near side, it is difficult to record/ 
reproduce signals correctly because the quantity of a laser beam that reaches the information layer on the far side 
differs according to whether or not recording has been performed in a portion of the information layer through which 
the laser beam has passed. This disadvantage becomes critical as the number of information layers to be laminated 
increases. In particular, some write-once opticai information recording media can be designed such that one information 

35 layer has a very high transmittance of, for example, 70% or more, and it is preferable to laminate a plurality of information 
layers into a multilayer structure, but it is difficult to realize the multilayer structure in practical use when the difference 
in the transmittance according to whether or not recording has been performed as described above is generated. 
[0005] To cope with the disadvantage as described above, for example, an optical information recording medium 
has been proposed in which the difference in the transmittance of an information layer between a portion where re- 

40 cording has been performed and a portion where recording has not been performed located on the nearside is reduced 
and also the information layer on the near side is designed so as to have a high transmittance, so that recording/ 
reproduction on/from an information layer on the far side can be performed correctly, regardless of whether or not 
recording has been performed in the information layer on the nearside. In such an optical information recording medium, 
a method of adjusting the film thickness of a protective layer included in the information layer is used as a means for 

45 designing the information layer in which the difference in the transmittance between the portion where recording has 
been performed and the portion where recording has not been performed is reduced. 

[0006] However, with some recording materials, the difference in the transmittance of the information layer between 
the portion where recording has been performed and the portion where recording has not been performed cannot be 
reduced only by adjusting the film thickness of the protective layer included in the information layer, and it is impossible 
so to utilize the technique as described above when using such recording materials. 

Disclosure of Invention 

[0007] An optical information recording medium includes a substrate and at least m (m is an integer of 2 or more) 
55 information layers provided on the substrate, and each of the m information layers includes a recording layer that 
changes irreversibly between a state A and a state B that are optically different from each other, and in the case where 
the m information layers are taken as the first through m-th information layers in the order from a laser beam incidence 
side, when a recording layer included in the j-th information layer (j is an integer satisfying 1 < j < m - 1) is taken as the 
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j-th recording layer, and when a transmittance of the j-th information layer at the time when the j-th recording layer is 
in the state A is TAj (%) and a transmittance of the j-th information layer at the time when the j-th recording layer is in 
the state B is TBj (%), the following relationship is satisfied in the j-th information layer: 

5 0 < ITAj - TBjl / (TAj,TBj)max < 0.1 0 

where (TAj,TBj)max is a larger value of TAj and TBj, and at least one recording layer of the first through (m - l)th 
recording layers is formed of a material having a complex index of refraction (n - ik, where n is a refractive index and 

10 k is an extinction coefficient) that is different from that of the m-th recording layer included in the m-th information layer, 
[0008] A method for manufacturing an optical information recording medium of the present invention is a method for 
manufacturing an optical information recording medium in which a plurality of information layers are provided on a 
substrate, and includes at least m (m is an integer of 2 or more) steps of forming an information layer including a 
recording layer that can change irreversibly between a state A and a state B that are optically different from each other, 

15 and in the case where the information layers formed in the m steps are taken as the first through m-th information 
layers in the order from a laser beam incidence side, when an information layer provided in the j-th position from the 
laser beam incidence side is taken as the j-th information layer Q is an integer satisfying 1 < j < m - 1) and a recording 
layer included in the j-th information layer is taken as the j-th recording layer, and when a transmittance of the j-th 
information layer at the time when the j-th recording layer is in the state A is TAj (%) and a transmittance of the j-th 

20 information layer at the time when the j-th recording layer is in the state B is TBj (%), at least one recording layer of 
the first through (m - 1 )th recording layers is formed of a material having a complex index of refraction (n - ik, where n 
is a refractive index and k is an extinction coefficient) that is different from that of the m-th recording layer included in 
the m-th information layer in such a manner that the following relationship is satisfied in the j-th information layer: 

25 0 < ITAj - TBjl / (TAj,TBj)max < 0.1 0 

where (TAj,TBj)max is a larger value of TAj and TBj. 
'so Brief Description of Drawings 
[0009] 

FIG. 1 is a cross-sectional view showing an example of an optical information recording medium of the present 
35 invention. 

FIG. 2 is a cross-sectional view showing another example of the optical information recording medium of the 
present invention. 

FIG. 3 is a schematic view showing an example of an information recording/reproducing apparatus that is used 
when information is recorded/reproduced on/from the optical information recording medium of the present inven- 
40 tion. 

FIG. 4 is a diagram showing a reproduction signal when reproduction from a second information layer is performed 
through a first information layer in an example of the present invention. 

Best Mode for Carrying Out the Invention 

45 

[0010] In an optical information recording medium of the present invention, the recording layer provided in the farthest 
position of the recording layers that change irreversibly between a state A and a state B that are optically different from 
each other has a complex index of refraction that is different from that of at least one recording layer in a nearer position, 
and a difference in the transmittance in an information layer is reduced, so that signals can be recorded/reproduced 
so correctly on/from the optical information recording medium in which at least two information layers include a write-once 
recording layer. The write-once recording layers tend to be designed so as to have a very high transmittance and often 
can be laminated into a multilayer. Thus, the optical information recording medium of the present invention is suitable 
to be usedfor optical information recording media including a write-once recording layer with which a multilayer structure 
can be realized. 

55 [0011] In the optical information recording medium of the present invention, when a difference in the refractive index 
between the case where the m-th recording layer is in the state A and the case where it is in the state B is Anm, a 
difference in the extinction coefficient therebetween is Akm, a difference in the refractive index between the case where 
the j-th recording layer is in the state A and the case where it is in the state B is Anj, and a difference in the extinction 
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coefficient therebetween is Akj, it is preferable that the foiiowing relationship is satisfied in at least one information layer 
of the first through (in - 1)th information layers. 



lAnml + lAkmi > lAnjl + lAkjl 

5 

Thus, the difference in the transmittance in the information layers can be reduced easily. 

[0012] In the optical information recording medium of the present invention, it is preferable that the following rela- 
tionship further is satisfied in the j-th information layer. 

10 

(TAj + TBj) / 2 > 50 

The reason for this is that signals also can be recorded/reproduced more correctly on/from the information layer ar- 
15 ranged away from the laser beam incidence side. 

[0013] In the optical information recording medium of the present invention, it is preferable that at least one of the 
first through m-th recording layers is of a write-once type containing an oxide. Thus, high transmittances of the infor- 
mation layers can be achieved by adjusting the composition ratio. 

[0014] In the optical information recording medium of the present invention, at least one of the first through m-th 

20 recording layers may be of a write-once type containing Te-O-M (where M is a material containing at least one element 
selected from the group consisting of metal elements, semimetai elements and semiconductor elements), or all of the 
first through m-th recording layers may contain Te-O-M. Thus, an optical information recording medium capable of 
providing both a high signal amplitude and a high transmittance can be realized. Moreover, at this time, it is preferable 
that at least one of the first through m-th recording layers has a different concentration of oxygen atoms from that of 

25 at least one of the other recording layers, and it is preferable that a recording layer provided nearer to the laser beam 
incidence side has a lower concentration of oxygen atoms. Thus, in addition to that the difference in the transmittance 
of the information layer located on the near side between the recorded state and the unrecorded state can be reduced 
easily, the transmittance of the information layer on the near side can be set to a high level easily. 
[0015] In the optical information recording medium of the present invention, the concentration of M atoms in the first 

30 recording layer may be higher than that in the second through m-th recording layers. Thus, in addition to the difference 
in the transmittance of the information layer located on the near side between the recorded state and the unrecorded 
state being reduced easily, the transmittance of the information layer on the near side can be set to a high level easily. 
[0016] In the optical information recording medium of the present invention, at least one of the first through m-th 
recording layers may contain at least one selected from the group consisting of Sb-O, Sb-Te-O, Ge-O, Sn-O, In-O, Zn- 

35 o, Ga-O, Mo-O, W-O, and Ti-O. Thus, both a high signal amplitude and a high transmittance can be provided. 

[0017] In the optical information recording medium of the present invention, it is preferable that m is 4 or more, since 
a recording medium with a high capacity can be realized. Moreover, when m is 4, it is preferable that the following 
relationship is satisfied: 

40 (TA1 + TB1 ) / 2 > 80 

and 

45 (TA2+TB2)/2>70 
and 

50 (TA3+TB3)/2>70 

where TA1 and TB1 are the transmittance of the first information layer, TA2 and TB2 are the transmittance of the second 
information layer, and TA3 and TB3 are the transmittance of the third information layer. 
55 Thus, a sufficient quantity of the laser beam can reach the information layers located farther. 

[001 8] In the optical information recording medium of the present invention, it is preferable that the first through fri- 
th recording layers have a thickness of 80 nm or less. The reason for this is that an information layer with an even 
higher transmittance can be realized easily and further the thermal effect on adjacent marks can be suppressed. 
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[001 9] The optical information recording medium of the present invention may further include a recording layer that 
can change reversibly between a state A and a state B that are optically different from each other. According to this, 
an optical information recording medium applicable to various types of applications can be realized. 
[0020] Furthermore, according to a method for manufacturing an optical information recording medium of the present 
5 invention, the optical information recording medium of the present invention can be produced. For example, in at least 
one step of the m steps, a write-once recording layer containing Te-O-M can be produced by reactive sputtering, using 
a target containing at least Te and M (M is a materia! containing at least one element selected from the group consisting 
of metal elements, semimetal elements, and semiconductor elements) and a film-forming gas containing at least oxygen 
gas. 

10 [0021] Hereinafter, an embodiment of the present invention will be described more specifically with reference to the 
drawings. 

[0022] FIG. 1 shows an example of an optical information recording medium in which a first information layer 1 , a 
second information layer 2, a third information layer 3, and a fourth information layer 4 are laminated in this order from 
the laser beam incidence side via intermediate layers 901, 902, and 903 between a substrate 5 and a light transparent 

15 layer 6. In this embodiment, the substrate 5 is arranged on the side opposite to the laser beam incidence side and the 
light transparent layer 6 is arranged on the laser beam incidence side. It is necessary that an information layer provided 
in a position nearer to the laser beam incidence side has optical transparency, since this layer has to transmit a laser 
beam so that the laser beam reaches an information layer provided in a farther position. Therefore, in the optica! 
information recording medium in this embodiment, the first through third information layers 1 through 3 have optical 

20 transparency. 

Moreover, it is preferable that the fourth information layer 4 has a high recording sensitivity, since information is re- 
corded/reproduced with light having passed through the first through third information layers 1 through 3. 
[0023] The first information layer 1 includes a protective layer 1 01 , a first recording layer 1 02, and a protective layer 
103 that are arranged in this order from the laser beam incidence side. The second information layer 2 includes a 

25 protective layer 201 , a second recording layer 202, and a protective layer 203 that are arranged in this order from the 
laser beam incidence side. The third information layer 3 includes a protective layer 301 , a third recording layer 302, 
and a protective layer 303 that are arranged in this order from the laser beam incidence side. The fourth information 
layer 4 includes a protective layer 401 , a fourth recording layer 402, a protective layer 403, and a reflective layer 404 
that are arranged in this order from the laser beam incidence side. 

30 [0024] The substrate 5 and the light transparent layer 6 are protecting members that serve to protect the optical 
information recording medium from damage and oxidation. The light transparent layer 6 is formed by using a material 
that is transparent to the laser beam or a material in which optical absorption, if any, is so small that it may be negligible 
(e.g., a material with an optical absorptivity of 10% or less), since this layer has to transmit the laser beams so that 
they reach the first through fourth information layers 1 through 4. In this embodiment, the laser beam is incident from 

35 the light transparent layer 6 side, but the laser beam may be incident from the substrate 5 side. In this case, it also is 
necessary to use a material that is transparent to the laser beam for the substrate 5. 

[0025] Examples of materials of the substrate 5 and the light transparent layer 6 include various types of resins such 
as polycarbonate, polymethyi methacrylate, and polyoiefin-based resins or glass. 

[0026] It is sufficient that the light transparent layer 6 can be produced such that it has a uniform film thickness within 

40 a predetermined film thickness range. For example, a substrate that is produced into a predetermined shape by molding 
or the like, a sheet that is made into a predetermined shape, or an ultraviolet curable resin that is transparent to a laser 
beam used for recording/reproduction can be used. The light transparent layer 6 as used herein refers to all the trans- 
parent layers provided on the laser beam incidence side when viewed from the protective layer 1 01 that will be described 
later. For example, when transparent sheets are attached by a transparent ultraviolet curable resin, these as a whole 

45 should be referred to as the light transparent layer 6. 

[0027] It is preferable that at least one of the light transparent layer 6 and the substrate 5 is provided with guide 
grooves or pits for guiding the laser beam formed on the surface that is in contact with an information layer. 
[0028] The protective layers 101,1 03, 201 , 203, 301 , 303, 401 , and 403 are provided for the purpose, mainly, of 
protecting the first through fourth recording layers 1 02, 202, 302, and 402 and adjusting the optical characteristics such 

so as allowing effective optical absorption in these recording layers. As materials of the protective layers 1 01 , 1 03, 201 , 
203, 301, 303, 401, and 403, materials with which the above-described objectives can be achieved, for example, 
sulfides such as ZnS, selenides such as ZnSe, oxides such as Si-O, Al-O, Ti-O, Ta-O, Zr-O and Cr-O, nitrides such 
as Ge-N, Cr-N, Si-N, Al-N, Nb-N, Mo-N, Ti-N, Zr-N and Ta-N, oxynitrides such as Ge-O-N, Cr-O-N, Si-O-N, Al-O-N, 
Nb-O-N, Mo-O-N, 71-O-N, Zr-O-N andTa-O-N, carbides such as Ge-C, Cr-C, Si-C, Ai-C, Ti-C, Zr-C andTa-C, fluorides 

55 such as Si-F, Al-F, Ca-F and La-F, and other dielectrics, or appropriate combinations of these substances (e.g., 
ZnS-Si0 2 ) can be used. 

[0029] The reflective layer 404 can be formed of a metal such as Au, Ag, Cu, Al, Ni, Cr or Ti, or an alloy of metals 
appropriately selected from these metals. The reflective layer 404 is provided for the purpose of achieving heat dissi- 
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pation effect and optical effects such as effective optical absorption in the recording layer 402. The film thickness 
thereof preferably is 1 nm or more. The reason for this is that when the film thickness of the reflective layer 404 is set 
to 1 nm or more, the film can be provided in the form of a uniform layer, and heat dissipation effect and optical effects 
can be increased. In this embodiment, only the fourth information layer 4 is provided with the reflective layer 404, but 

5 any of or all of the first through third information layers 1 through 3 may be provided with a reflective layer, or the fourth 
information layer 4 may not be provided with the reflective layer 404. Generally, when provided with a reflective layer, 
an information layer decreases its transmittance, but a high signal quality can be achieved easily because of the above- 
described heat dissipation effect and optical effects. Therefore, it is required to determine as appropriate whether or 
not a reflective layer is to be provided when designing the first through third information layers 1 through 3 located on 

10 the laser beam incidence side. When a reflective layer is provided, it should be designed so that the transmittance of 
the information layers is kept high by setting the thickness of each reflective layer at a very small film thickness of, for 
example, 10 nm or less. 

[0030] The intermediate layers 901 , 902, and 903 are layers provided for the purpose of optically separating the first 
information layer 1 through the fourth information layer 4 and made of a material that is transparent to the laser beam. 

15 Specifically, ultraviolet curable resins and the like can be used. The film thickness of each of the intermediate layers 
901 through 903 can be set at a film thickness with which the first through fourth information layers can be separated 
from each other and also the four information layers are present within a range in which an objective lens can focus 
light thereon. When three or more information layers are laminated, it is preferable that each intermediate layer has a 
different thickness. The reason forthis is as follows. When each intermediate layer has the same thickness, information 

20 layers are located equidistantly, so that when recording/reproduction is performed in an information layer in the farthest 
position when viewed from the laser beam incidence side, the laser beam may be focused on an information layer in 
a nearer position and thus crosstalk may occur. 

[0031] The first through fourth recording layers 1 02, 202, 302, and 402 are formed of a material that can be in two 
or more states (state A and state B) in which optical characteristics are different. In this embodiment, a write-once 

25 recording material (material in which writing can be performed only once) that can change irreversibly between the 
different states A and B is used for at least two or more layers of these recording layers. It is also possible to use a 
write-once material for all of these recording layers. When a write-once material is used for two or three layers of the 
four recording layers, a rewritable material can be used for the other recording layers, in this case, information that is 
not desired to be erased and information that is desired to be rewritten can coexist in one optical information recording 

30 medium, so that an optical information recording medium that is very useful and applicable to various types of appli- 
cations can be provided. At this time, it is preferable to use a write-once material for a recording layer provided in a 
position near the laser beam incidence side. The reason for this is that when an oxide-based write-once recording 
material is used for a recording layer, a high transmittance can be realized easily, so that it becomes easy to design 
an optical information recording medium having a multilayer structure. The following is a description of an example in 

35 which a write-once material is used for all of the first through fourth recording layers 1 02, 202, 302, and 402. Among 
such materials, materials particularly containing an oxide are used preferably as a recording material of an optical 
information recording medium including multiple information layers because a very high transmittance can be realized 
by adjusting the composition of these materials. Specific examples of preferred materials include materials based on 
Te-O-M (where M is a material containing at least one element selected from the group consisting of metal elements, 

40 semimetai elements, and semiconductor elements) such as Te-O-Pd and Te-O-Au. A recording mechanism of such 
recording materials based on Te-O-M seems to be as follows. 

[0032] Te-O-M is a composite material in which tiny particles of Te, Te-M, and M are dispersed uniformly in TeQ 2 
immediately after the film is formed. When Te-O-M is irradiated with a laser beam, thefilm is melted, and consequently 
Te, Te-M, and M are precipitated in the form of a larger crystal grain, so that the optical state is changed and the 

45 difference can be detected in the form of a signal. 

[0033] The material M is added in order to promote crystallization of Te, and this effect can be achieved, as long as 
M is an element that can form a bond with Te. A Te crystal has a structure in which chain structures in which Te atoms 
lie in spirals by a covalent bond are held together by weak van der Waals forces. In order to melt Te, it is sufficient to 
break off the weak van der Waals bond, so that Te has a relatively low melting point of about 452°C. However, at this 

so time, the crystallization rate is low because the spiral structures remain, it is believed that in the recording materials 
in this embodiment, the material M that can form a bond with Te is added, so that the material M and Te form a crossiink- 
ing structure, and a structure that is different from the above-described chain structure of Te atoms is provided, and 
thus the crystallization rate can be increased. 

[0034] Specific examples of the material M include at least one element selected from the group consisting of Pd, 
55 Au, Pt, Ag, Cu, Sb, Bi, Ge, Sn, In, Ti, Zr, Hf, Cr, Mo, W, Co, Ni, Zn and the like, and mixtures containing plural elements 
of these elements are also possible. In particular, when the material M contains at least one selected from the group 
consisting of Pd, Au, Pt, Ag, Cu, Sb, Bi, Ge, Sn, and In, the crosslinking structure with Te atoms can be formed more 
effectively, so that the crystallization rate can be further increased easily. 
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[0035] Alternative examples of preferred materials used for the first through fourth recording layers 1 02, 202, 302, 
and 402 include oxides such as Sb-O, Sb-Te-O, Ge-O, Sn-O, In-O, Zn-O, Ga-O, Mo-O and W-O, or their mixtures. 
Moreover, perforation-type materials, Se-based materials such as Se-Sb and Se-S, or materials in which a phase 
change occurs between amorphous and amorphous, such as Bi-Cu, Bi-Ge and Si-In, also can be used. 

5 [0036] It is preferable that the film thickness of each of the first through fourth recording layers 1 02, 202, 302, and 
402 is 3 nm or more and 80 nm or less. The reason for this is that by setting the film thickness to 3 nm or more, a 
recording material can be made into a layer easily, so that good signals can be obtained. Moreover, by setting the film 
thickness to 80 nm or less, thermal diffusion in the plane of each recording layer can be suppressed, so that when 
recording is performed with a high density, the thermal effect on adjacent marks that already have been written can 

10 be suppressed. Moreover, it is preferable that an even smaller fiim thickness of 20 nm or less is employed as the film 
thickness of each of the first through fourth recording layers 1 02, 202, 302, and 402 because the transmittance of the 
first through third information layers 1 through 3 can be maintained at a high level. 

[0037] The first through fourth information layers 1 through 4 are designed such that optica! changes in the respective 
first through fourth recording layers 1 02, 202, 302, and 402 result in optically detectable changes such as a change in 

15 reflectance, a change in phase difference, and a change in absorptivity for the laser beam. 

[0038] In the optical information recording medium in this embodiment, materials of the first through third recording 
layers 1 02, 202, and 302 are varied so that the difference in the transmittance of each of the first through third information 
layers 1 through 3 between a state (state.A) in which recording has not been performed and a state (state B) in which 
recording has been performed becomes as small as possible. In the optical information recording medium in this em- 

20 bodiment, provided that the transmittance of a j-th information layer at the time when a j-th (j = 1 , 2, 3) recording layer 
is in the state A is TAj (%) and the transmittance of the j-th information layer at the time when the j-th recording layer 
is in the state B is TBj (%), the following relationship is satisfied in each of the first through third information layers 1 
through 3: 

25 0 < ITAj - TBjl / (TAj,TBj)max < 0.1 0 (1 ) 

W here (TAj,TBj)max is a larger value of TAj andTBj. Furthermore, it is preferable that, in particular, in thefirst information 
layer 1 , the following relationship is satisfied, 

30 

0 < ITA1 - TB1I / (TA1 ,TB1)max < 0.08 (2) 

[0039] By satisfying the above relationship (1 ) (preferably, by further satisfying the relationship (2)), even when sig- 
35 nals have been recorded in an information layer located on the near side when viewed from the laser beam incidence 
side, the quantity of the laser beam that has reached an information layer located on thefar side can be almost constant, 
regardless whether or not recording has been performed in the information layer on the near side. Thus, an optical 
information recording medium having a multilayer structure in which recording/reproduction can be performed correctly 
and stably can be realized. 

40 [0040] In order to satisfy the above relationship (1) in the first through third information layers 1 through 3, it is often 
necessary to adjust satisfactorily the complex index of refraction in the recording layer included in each of the infor- 
mation layers. That is, it is not always the case that transmittances of TAj and TBj satisfy the relationship (1) (the 
difference in the transmittance is reduced sufficiently) under the conditions (e.g., type of material and composition ratio) 
that provide the maximum amount of change in the optical characteristics of each of the recording layers, so that it is 

45 preferable to adjust the conditions of each of the recording layers such that the difference in the transmittance between 
the state A and the state B can be reduced while maintaining the amount of change in the optical characteristics, in 
this embodiment, at least one of the first through third recording layers 1 02, 202, and 302 is formed of a material having 
a complex index of refraction that is different from the complex index of refraction of the fourth recording layer 402. 
More preferably, all of the first through third recording layers 102, 202, and 303 are formed of materials having a 

so complex index of refraction that is different from that of the fourth recording layer 402. To reproduce signals recorded 
in the fourth information layer 4, a light that has passed through the first through third information layers 1 through 3 
and the quantity of which has been attenuated is used, so that it is necessary to design the fourth information layer 4 
so as to have a high signal strength, and therefore the fourth recording layer 402 is formed of a material in which the 
optical characteristics change significantly. On the other hand, in the first through third information layers 1 through 3, 

55 it is necessary that the difference in the transmittance between the state A and the state B is small and also the 
transmittance is high, but the amount of change in the optical characteristics may be smaller than that in the fourth 
information layer 4. Therefore, at least one of (preferably, all of) the first through third recording layers 102, 202, and 
302 is formed of a material having a complex index of refraction that is different from that of the fourth recording layer 



7 



EP1 542 217 A1 



402. Specifically, optical design is carried out using materials having a different type or materials having a different 
composition ratio between the first through third recording layers 102, 202 and 302 and the fourth recording layer 402 
so that the relationship (1) is satisfied, in particular, in an information layer provided in a position nearest to the laser 
beam incidence side (in this embodiment, the first information layer 1), it is preferable to keep the difference in the 
5 transmittance smaller than that in the other layers because the laser beam always passes through this layer at the 
time of recording/reproduction on/from the second and the following information layers. 

[0041] Specifically, when the difference in the refractive index between the case where the fourth recording layer 
402 is in the state A and the case where it is in the state B is An4, the difference in the extinction coefficient therebetween 
is Ak4, the difference in the refractive index between the case where the j-th (| = 1 , 2, 3) recording layer is in the state 
io A and the case where it is in the state B is Anj, and the difference in the extinction coefficient therebetween is Akj, then 
it is preferable that the following relationship is satisfied in at least one recording layer of the first thro ugh third recording 
layers 102, 202, and 302. 

IAn4l + IAk4l > lAnjl + lAkjl (3) 

15 

Thus, the information layer can be designed such that the relationship (1) can be satisfied more easily. 

[0042] In order to adjust the complex index of refraction of a recording layer to a value with which the difference in 

the transmittance of an information layer between the state A and the state B can be reduced, the type of a materia! 

20 of the recording layer and the composition ratio thereof can be adjusted. At this time, a material that is different from 
the main component of the recording layer may be added to the extent that the change of the state of the recording 
layer is not inhibited, for the purpose of adjusting the complex index of refraction. As an additional material other than 
the main component of the recording layer, for example, noble metals such as Pd and Pt, elements such as boron, 
carbon, nitrogen, oxygen and fluorine, or their appropriate mixtures are preferably used. Noble metals such as Pd and 

25 pt are relatively unlikely to form a compound with other materials, so that the complex index of refraction of a recording 
layer can be changed without changing the characteristics of the main component of the recording layer significantly. 
Elements such as boron, carbon, nitrogen, oxygen, and fluoride also are used preferably as additives for the same 
reason. 

[0043] Generally, provided that the refractive index and the extinction coefficient in the case where the j-th recording 
30 layer is in the state A are naj and kaj, respectively, and the refractive index and the extinction coefficient in the case 
where it is in the state B are nbj and kbj, respectively, when naj + kaj and nbj + kbj are extremely different in magnitude, 
the difference in the absorptivity between the state A and the state B is increased extremely, and thus the difference 
in the transmittance of the j-th information layer between the state A and the state B also is increased. That is, it 
becomes relatively difficult to reduce the difference in the transmittance of the j-th information layer between the state 
35 A and the state B. Therefore, it is advantageous to carry out optical design so as to provide a recording mechanism in 
which a relatively large difference in the reflectance of the j-th information layer is generated between the state A and 
the state B and reduce the reflectance that is provided in the state in which absorptivity is high in order to decrease 
the difference in the transmittance. 

[0044] However, when multiple information layers are laminated, it is often impossible to carry out a design such that 
40 this difference in the reflectance is very large in an information layer located in a relatively near position. For example, 
in the case of four information layers like the optical information recording medium in this embodiment, the difference 
in the reflectance is about 3 to 1 0%. The reason for this is that when reproducing information from an information layer 
on the far side, the signal amplitude is attenuated as a result of using a light that has passed through a plurality of 
information layers, so that it is necessary to adjust the information layers on the nearside to the level of this attenuated 
45 signal amplitude. Therefore, it is preferable to design the information layers arranged on the near side such that the 
value of (naj + kaj) - (nbj + kbj) is reduced. This is because it becomes difficult for the difference in the absorptivity 
between the state A and the state B to be generated, and consequently the difference in the transmittance can be 
reduced. Forthis reason, it is preferable to produce each information layer such that a relationship as below is satisfied. 

tnJ (nam + kam) - (nbm + kbm) > (naj +kaj) - (nbj + kbj) (4) 

It sho uld be noted that in the relationship (4), m indicates the fact that the refractive index and the extinction coefficient 
are associated with an information layer (the fourth information layer 4) provided in the farthest position when viewed 
55 from the laser beam incidence side. 

[0045] In the first through third information layers 1 through 3, it is preferable that the average transmittance ((TAJ + 
TBj) / 2, where j=1 , 2, 3) between the state A and the state B is set to 50% or more. In particular, in the case of an 
optical information recording medium constituted by three or more information layers like the optical information re- 
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cording medium in this embodiment, it is preferable that information layers other than the information layer arranged 
in the farthest position have an even higher average transmittance. For example, regarding the optical Information 
recording medium in this embodiment, by setting the average transmittance of the first information layer 1 to 80% or 
more and both the average transmittance of the second information layer 2 and the average transmittance of the third 
5 information layer 3 to 70% or more, a balance in the four information layers can be attained easily. 

[0046] In orderto obtain optically designed values of the above-described transmittance and. reflectance, a method 
that is referred to as a so-called matrix method can be used (e.g., see Hiroshi Kubota, "Wave Optics", Iwanami Shoten, 
Chapter 3). 

[0047] The complex index of refraction of each layer can be measured using a spectroscope, an eilipsometer and 

10 the like. As a measurement sample, a film that is formed of a material to be measured on an appropriate substrate 
such as Si and SiD 2 and has a thickness that allows measurement of the complex index of refraction can be used. 
The material of each layer can be identified using an analysis procedure such as ESCA (electron spectroscopy for 
chemical analysis), AES (Auger electron spectroscopy), and SIMS (secondary ion mass spectrometry), and a meas- 
urement sample can be produced so as to be of a material corresponding to this. 

15 [0048] The transmittance can be measured by a spectroscope, using a film of an information layer to be measured 
that is formed on a transparent substrate. Alternatively, measurement also can be carried out by forming an information 
layer to be measured as the information layer on the near side when viewed from the laser beam incidence side on 
only a portion of a substrate and then producing an appropriate information layer having a constant reflectance on the 
far side, and subsequently determining how much the quantity of light reflected by the information layer on the far side 

20 is reduced by the presence of the information layer on the near side by an evaluation drive. 

[0049] It should be noted that the optical information recording medium of the present invention is not limited to the 
configuration shown in FIG. 1 and can be applied to various types of configurations. For example, an interface layer 
that is in contact with any of the first through fourth recording layers 1 02, 202, 302, and 402 may be newly added, or 
each of the protective layers 1 01 , 103, 201 , 203, 301 , 303, 401 , and 403 may be formed of two layers. In particular, 

25 when using a write-once recording material, a configuration in which any of the protective layers 101 , 103, 201 , 203, 
301 , 303, 401 , and 403 is eliminated, if necessary, is also possible. Moreover, a configuration in which two of the optical 
information recording medium shown in FIG. 1 are attached on the substrate 5 side and the laser beam is incident 
from both the sides is also possible. The present invention can be applied to various types of other configurations. 
[0050] Furthermore, although the optical information recording medium in which four information layers are laminated 

30 is shown in this embodiment, the number of information layers to be laminated is not limited to four, and when a different 
number of information layers are to be laminated, it is also possible to carry out a design such that the difference in 
the transmittance is reduced by adjusting a material to be used for a recording layer. For example, a structure in which 
two information layers (a first information layer 11 and a second information layer 12) are laminated as shown in FIG. 
2 is also possible. An optical information recording medium shown in FIG. 2 has a structure in which the first information 

35 layer 11 , an intermediate layer 901, and the second information layer 12 are laminated in this order from the laser 
beam incidence side between a substrate 5 and a substrate 6. The first information layer 11 and the second information 
layer 12 have the same film structures as the first information layer 1 and the second information layer 2 of the optical 
information recording medium shown in FIG. 1 , exceptthat respective reflective layers 1 04 and 204 are further provided 
on the side opposite to the laser beam incidence side. 

40 Moreover, as in the case with the optical information recording medium shown in FIG. 1, in the optical information 
recording medium shown in FIG. 2, the first recording layer 102 and the second recording layer 202 are formed of 
write-once materials that have different complex indices of refraction from each other so that the above relationship 
(1 ) is satisfied. The reflective layers 1 04 and 204 can be formed using the same material as the reflective layer 404 of 
the optical information recording medium shown in FIG. 1. 

45 [0051] Next, a method for manufacturing the optical information recording medium in this embodiment shown in FIG. 
1 will be described. As a method for producing a multilayer film constituting the optical information recording medium 
in this embodiment, methods such as sputtering, vacuum deposition, and CVD method can be applied. As a film- 
forming gas, a gas with which a film can be formed, for example, a rare gas such as Ar and Kr can be used. For 
example, when using sputtering, it is also possible to use a mixed gas of a rare gas and a trace amount of nitrogen, 

so oxygen or the like to perform reactive sputtering. 

[0052] When a nitride, an oxide or a oxynitride is used as a main component constituting the protective layers 1 01 , 
103, 201 , 203, 301 , 303, 401 , and 403, it is preferable to use reactive sputtering, because a film of good quality often 
can be obtained. For example, when the protective layers 101, 103, 201, 203, 301, 303, 401, and 403 are formed of 
Si-N, a material containing at least Si is used as a target, and a mixed gas of a rare gas and nitrogen, a mixed gas of 

55 a rare gas and a gas containing nitrogen atoms such as N s O, N0 2 , NO and N 2 , or a mixed gas of a rare gas and a 
gas constituted by an appropriate combination of gasses containing nitrogen atoms as described above may be used 
as a film-forming gas. 

[0053] Moreover, when producing the first through fourth recording layers 102, 202, 302 and 402, and the protective 
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layers 1 01 , 1 03, 201 , 203, 301 , 303, 401 and 403, a mixed gas of a rare gas and a trace amount of nitrogen or a trace 
amount of oxygen may be used. In particular, in a process of forming a film of an information layer made of a rewritable 
material, it is preferable to use a mixed gas in which nitrogen is mixed with a rare gas. In this case, the thermal con- 
ductivity of the information layer can be reduced, so that thermal diffusion in the film plane of the information layer at 
s the time of irradiation with a laser beam can be suppressed, and thus adjacent erasure (erasure of adjacent recorded 
marks due to diffusion of heat in the inplane direction) can be suppressed. Moreover, in this case, the strength of the 
film is increased, so that there is also an advantage that the repeated recording property is improved in the case of a 
recording material in which a reversible change occurs. 

[0054] When using a phase change recording material to form a rewritable information layer, it is common that an 
10 energy irradiation process such as irradiating a recording layer with a strong laser beam in order to change the recording 
layer into a crystalline state further is included after or during manufacturing an optical information recording medium. 
Thus, information can be rewritten easily from the beginning. However, in order to omit this crystallization process, it 
is preferable that a recording layer is formed of a material that is easy to crystallize so that the state immediately after 
the recording layer is formed is a crystalline state, or a method such as forming a thin film of a recording material that 
15 can be formed with crystallization before the process of forming a recording layer, and then forming a recording layer 
is performed. 

[0055] In an optical information recording medium in which multiple information layers are laminated, a process for 
initializing all of the information layers becomes complicated as the number of layers increases, so that it may be 
difficult to achieve sufficient stability for a focusing operation. In such a case, it is preferable to form a recording layer 

20 with crystallization. At this time, it is preferable not only in that the process of crystallizing the recording layer can be 
omitted and the cost can be reduced, but also in thatthe other information layers are prevented from being unnecessarily 
damaged by heat as a result of undergoing the crystallization process. Crystallization of a recording layer after the film 
is formed can be realized, for example, by providing a process of forming a film of a material that is a crystal immediately 
after the film is formed, such as Sb, Sn-Te and Bi-Te, before the process of forming the recording layer. 

25 [0056] Regarding the order in which the layers of the optical information recording medium in this embodiment are 
produced, films are formed in the order from the reflective layer 404 side to the protective layer 401 on the substrate 
5, and further a groove shape is transferred to the intermediate layer 903 formed of an ultraviolet curable resin or the 
like, and then the third information layer 3, the intermediate layer 902, the second information layer 2, the intermediate 
layer 901 , and the first information layer can be formed in this order in the same manner. The light transparent layer 

so 6 may be formed, for example, by attaching a base material having an adhesive resin on one surface to the laminate 
that is formed with the fourth through first information layers 4 through 1 on the substrate 5 or by attaching a base 
material in the form of a sheet with an ultraviolet curable resin to the laminate. Alternatively, as another method for 
producing the optical information recording medium, a method of attaching the fourth information layer 4 and the third 
information layer 3 formed in this order on the substrate 5 by the same method to the first information layer 1 and the 

35 second information layer 2 formed in this order on the light transparent layer 6 to which the groove shape has been 
transferred via the intermediate layer 902 also can be employed. 

[0057] Next, an example of a method for recording/reproducing information on/from the optical information recording 
medium that is formed in such a manner as described 'above will be described. FIG. 3 shows, in the case where the 
optical information recording medium in this embodiment is an optical disk24, an outline of an example of an information 

40 recording/reproducing apparatus that is used when information is recorded/reproduced on/from this optical disk 24. 
The information recording/reproducing apparatus capable of recording, reproducing and erasing signals is provided 
with a laser beam source 20, an optical head equipped with an objective lens 21 , a drive device 22 for guiding a position 
to be irradiated with a laser beam to a predetermined position, a tracking control device (not shown) for controlling 
positions in the direction of a track, a focusing control device (not shown) for controlling positions in the direction 

45 perpendicular to the film plane, a laser drive device (not shown) for modulating the laser power, and a rotation control 
device 23 for rotating the optical disk 24. 

[0058] Signals are recorded, erased, and reproduced by rotating the optical disk 24 using the rotation control device 
23 first and focusing a laser beam on a micro spot by an optical system to irradiate the optical disk 14. Reproduction 
of signals is performed as follows: the disk is irradiated with a laser beam with a power at a power level lower than that 
so in the cases of recording and erasing signals, so that the optical state of recorded marks is not affected by irradiation 
with the laser beam at that power level, the power allowing a sufficient quantity of light for reproducing the recorded 
marks to be obtained from the optical disk 24 by irradiation. The obtained signals from the optical disk 1 4 are read out 
by a detector (not shown). 

55 [Examples] 

[0059] Hereinafter, the present invention will be described further in detail by way of examples. However, the present 
invention is not limited to these examples. 
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(Example 1) 

[0060] In Example 1 , the optical information recording medium shown in FIG. 1 was produced. In the optical infor- 
mation recording medium in this example, all of the first through fourth recording layers 1 02, 202, 302, and 402 were 

5 formed of a write-once material of Te-O-Pd, and the composition ratio was changed between the recording layers 
included in the respective information layers so that a value of the difference in the transmittance was varied in the 
information layers. In the optical information recording medium in this example, the state (hereinafter, referred to as 
"as depo. state") immediately after a film was formed was an unrecorded state, and when marks were recorded with 
an appropriate laser power, the reflectance in the mark portion was decreased. At this time, the mark portion was in 

10 the crystalline state. That is, in the optica! information recording medium in this example, the as depo. state and the 
crystalline state correspond to the state A and the state B, respectively. 

[0061] A method for producing the optical information recording medium in this example is as follows. 

[0062] A disk-shaped polycarbonate plate having a thickness of 1 .1 mm and a diameter of 120 mm was used as the 

substrate 5 and a spiral groove having a width of 0.1 6 jim, a groove pitch of 0.32 u,m, and a depth of 20 nm was formed 

15 on its surface. All of the protective layers 1 01 , 1 03, 201 , 203, 301 , 303, 401 , and 403 were produced using a material 
in which Si0 2 is mixed with ZnS (ZnS: 80 mol%, SiQ 2 : 20 mol%) and the reflective layer 404 was produced using Al-Cr. 
Films of the fourth information layer 4 were formed successively in the order from the reflective layer 404 side by 
sputtering on the surface of the substrate 5 where the groove was formed. Then, the intermediate layer 903 was formed 
by applying an ultraviolet curable resin onto the surface of the protective layer 401 , transferring the same groove as 

20 that of the substrate 5 to the surface, and curing the resin. Then, the third information layer 3, the intermediate layer 
902, the second information layer 2, the intermediate layer 901 , and the first information layer were formed in this order 
using the same method. Finally, the light transparent layer 6 was formed by adhering a sheet made of polycarbonate 
with an ultraviolet curable resin. 

[0063] Table 1 shows the film thickness of each layer included in each medium sample and the optical characteristics 
25 thereof. Table 2 shows the composition ratio of the recording layers in each medium sample. 
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(Table 2) 



medium No. 


recording layer No. 


composition ratio (at%) 


Te 


O 


Pd 


(0) 


fourth recording layer 


36.0 


54.0 


1 0,0 


third recording layer 


36.0 


54.0 


I u.u 


second recording layer 


36.0 


54.0 


10.0 


first recording layer 


36.0 


54.0 


1 0.0 


(D 


fourth recording layer 


36.0 


54.0 


10.0 


third recording layer 


OD.U 


R<± n 


10.0 


seconu reLrUiuniy ia.yt?i 


38.0 


51.0 


11.0 


first recording layer 


38.0 


51.0 


11.0 


(2) 


fourth recording layer 


32.0 


60.0 


8.0 


third recording layer 


34.0 


57.0 


9.0 


second recording layer 


36,0 


54.0 


10.0 


first recording layer 


38.0 


51.0 


11.0 



[0064] In Table 1 , a lower protective layer refers to a protective layer located on the laser beam incidence side when 

25 viewed from a recording layer in each information layer, and an upper protective layer refers to a protective layer located 
on the side opposite to the laser beam incidence side when viewed from a recording layer. Here, a medium sample 
(1 ) had the same the configuration as that shown in FIG. 1 . In a medium sample (2), also the third information layer 3 
was provided with a reflective layer made of Ag-Pd-Cu and having a film thickness of 1 0 nm on the side opposite to 
the laser beam incidence side of the protective layer 303. The medium sample (2) had the same configuration as that 

30 shown in FIG. 1 , except that the third information layer 3 was provided with the reflective layer. 

[0065] In Table 1, naj and kaj indicate the refractive index and the extinction coefficient, respectively, in the case 
where the recording layers are in the as depo. state, and ncj and kcj indicate the refractive index and the extinction 
coefficient, respectively, in the case where the recording layers are in the crystalline state. The complex index of re- 
fraction of each recording layer was measured by a spectroscope using a sample made by producing a thin film on a 

35 quartz substrate under the film formation conditions identical with those in the process of forming the recording layer. 
The complex index of refraction in the crystalline state was measured using a spectroscope as well after annealing 
this sample to a predetermined temperature at which the recording layer becomes the crystalline state. 
[0066] The complex indices of refraction of the first through fourth recording layers 1 02, 202, 302, and 402 in each 
medium sample are as shown in Table 2. In the medium sample (1), the first recording layer 102 and the second 

40 recording layer 202 are formed with the same composition ratio, and the third recording layer 302 and the fourth re- 
cording layer 402 are formed with the same composition ratio. In the medium sample (2), all of the first through fourth 
recording layers 1 02, 202, 302, and 402 are formed using a composition ratio that is different from one another. In a 
medium sample (0) that is shown for comparison, ail of the first thro ugh fourth recording layers 102, 202, 302, and 402 
are formed of a material of the same composition having the same complex index of refraction. 

45 [0067] The film thickness of each protective layer was adjusted such that the levels of the reflectance of signals from 
all of the information layers became almost equal, and the protective layers were designed such that the transmittance 
of each information layer became as high as possible and also the difference in the transmittance between the recorded 
state and the unrecorded state became as small as possible within the range in which this adjustment was possible. 
[0068] Moreover, in Table 2, Ra indicates the reflectance in the case where each recording layer is in the as depo. 

50 state and Rc indicates the reflectance in the case where each recording layer is in the crystalline state, and Ta and Tc 
(corresponding to TAj and TBj) indicate the transmittance in the case where each recording layer is in the as depo. 
state and the transmittance in the case where each recording layer is in the crystalline state, respectively. Ra - Rc was 
represented by AR. Ra and Rc were measured by an evaluation drive using samples in which each information layer 
alone was formed on substrates, and Ta and Tc were measured by a spectroscope using samples in which each film 

55 alone was formed in the same manner. A crystalline portion of the information layer was produced by irradiating with 
a laser beam under appropriate conditions using an initializing apparatus. 

[0069] Furthermore, in Table 1 , eff. Ra and eff. AR indicate the reflectance in the as depo. state measured by the 
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evaluation drive and the difference in the reflectance between the as depo. state and the crystalline state, respectively, 
in the case where four information layers were laminated and a target information layer was irradiated with a laser 
beam. According to these results, it is found that in the state where the four information layers are laminated, the 
reflectivities and the differences in reflectance are in substantially the same level in the four information layers. 

5 [0070] All of the medium samples (0) through (2) were produced such that the light transparent layer 5 and the 
intermediate layers 901 , 902, and 903 were 60 ujti, 12 |xm, 15 \vm, and 18 urn, respectively, in thickness. 
[0071] When forming the protective layers 101,1 03, 201 , 203, 301 , 303, 401 , and 403, Ar gas was supplied such 
that the total pressure was 0.13 Pa, and a RF power of 5.10 W/cm 2 was applied to a cathode. When forming the 
reflective layer 404, Ar gas was supplied such that the total pressure was 0.13 Pa, and a DC power of 4.45 W/cm 2 

10 was applied. . 

When forming the first through fourth recording layers 1 02, 202, 302, and 402, a target having an atom ratio of Te : Pd 
= 80 : 20 was used, a mixed gas of Ar and oxygen was supplied such that the total pressure was 0.13 Pa, and a DC 
power of 1 .27 W/cm 2 was applied to a cathode. 

[0072] In the medium sample (1) and the medium sample (2), the composition of each recording layer was adjusted 
15 by changing the ratio between Ar and oxygen in a film-forming gas in forming the first through fourth recording layers 
102, 202, 302, and 402. Specifically, for the first and the second recording layers of the medium sample (1), the flow 
rates of Ar gas and oxygen gas in a film-forming gas were set to 4.2 X 10" 7 m 3 /s (25 seem) and 2.7 X 10~ 7 m 3 /s (16 
seem), respectively. For the third and the fourth recording layers, the flow rates were set to 4.2 x 1 0"? m 3 /s (25 seem) 
and 3.7 x 1 0" 7 m 3 /s (22 seem), respectively. Also for the medium sample (2), the flow rate of Ar gas was kept constant 
20 at 4.2 x 1 0" 7 m 3 /s (25 seem). The flow rates of oxygen gas were set to 2.7 X 1 0" 7 m 3 /s (1 6 seem), 3.7 x 1 0" 7 m 3 /s (22 
seem), 4.0 x 1 0" 7 m 3 /s (24 seem), and 4.3 x 1 0" 7 m 3 /s (26 seem) with respect to the first, the second, the third, and 
the fourth recording layers, respectively. For the medium sample (0), the flow rate of Ar gas was set to 4.2 x 1 0" 7 m 3 / 
s (25 seem) and the flow rate of oxygen gas was set to 3.7X1 0' 7 m 3 /s (22 seem) with respect to ail of the first through 
fourth recording layers. It was confirmed by XMA (X-ray microanalyzer) method that in the recording layers produced 
25 in such a manner as described above, the higher the oxygen flow rate was, the larger the quantity of oxygen captured 
in the film became (concentration of oxygen atoms increased). 

[0073] When recording/reproducing signals, a laser beam having a wavelength of 405 nm was used and the numerical 
aperture of the objective lens was set to 0.85. 1 -7PP modulation was used as a signal modulation system, the 2T mark 
length was set to 0.159 ujn, and the disk rotational speed was set to a linear velocity of 5.28 m/s. 

30 [0074] The effects of the difference in the transmittance of an information layer located on the near side were eval- 
uated in the following manner. First, signals were recorded in a half of the circumference of each track at a wide range 
of positions in the radius (e.g., entire area from 25 mm to 35 mm in the radius) in the first information layer 1 , and then 
recording was performed in the second information layer 2 at a position in the radius (e.g., in the above case, 30 mm) 
that corresponds to the position in the first information layer in which the signals were recorded. FIG. 4 shows an 

35 envelope of signals during reproduction from the second information layer 2 at this time. 

As shown in FIG. 4, the amplitude of the envelope of the reproduction signals varies according to whether or not 
recording has been performed in the first information layer. The reason for this is that since the transmittance of the 
first information layer 1 differs according to whether or not recording has been performed, the quantity of light in re- 
producing from the second information layer 2 through the first information layer 1 differs. Here, the difference in the 

40 transmittance of the first information layer 1 was evaluated by obtaining the coefficient of variation (V H - V L )/ V H of the 
envelope (where V H represents the highest level of the signal amplitude and V L represents the lowest level of the signal 
amplitude). When evaluating the third information layer 3, similarly, the following areas were produced: an area in 1/4 
of the track in which recording was performed in both of the first and the second information layers; an area in another 
1/4 in which recording was performed in the first information layer 1 but was not performed in the second information 

45 layer 2; an area in another 1/4 in which recording was not performed in the first information layer 1 but was performed 
in the second information layer 2; and an area in the other 1/4 in which recording was not performed in either of the 
first and the second information layers. Then, recording was performed in the third information layer 3. The coefficient 
of variation shown was taken when the variation of the envelope was maximal. Regarding the fourth information layer 
4, recording was performed in the same manner in each 1/8 of the track such that all the situations made by combining 

so the recorded state and the unrecorded state in the first through third information layers were included, and then re- 
cording was performed, and the maximum coefficient of variation of the envelope was determined. 
[0075] At the same time, the error rate of reproduction signals was determined with respect to all of the information 
layers. Table 3 shows the results of the evaluation performed on all of the information layers in all of the above medium 
samples. 

55 
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(Table 3) 
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[0076] Here, the coefficient of variation in the range of less than 5% was indicated by © , that in the range of 5% or 
more and less than 10% was indicated by O, and that outside these ranges was indicated by X. The error rate in the 
range of less than 1 x was indicated by© , that in the range of 1 X 10~ 4 or more and less than 1 x 10" 3 was 
indicated by O, and that outside these ranges was indicated by x. 

[0077] According to Table 2, in the medium samples (1 ) and (2), the error rate is improved compared to the medium 
sample (0), which is a comparative example. It is believed that the reason for this is that since, in the medium sample 
(1) and the medium sample (2), the difference in the transrnittance between the case where recording has been per- 
formed and the case where recording has not been performed is small in the information layer located on the near 
side, the coefficient of variation of the envelope is low and the error rate is decreased. 

[0078] When information layers in which the difference in the transrnittance between the recorded state and the 
unrecorded state was small but the average transrnittance (Ta + Tc) /2 between the as depo. portion and the crystalline 
portion was smaller than 50% were produced as the first through third information layers 1 through 3, the coefficient 
of variation of the envelope was small, but the farther the position of the information layer was, the higher the error 
rate was. It is believed that the reason for this is that since the transrnittance of the information layer on the near side 
is low, a sufficient quantity of the laser beam cannot be obtained during recording/reproduction on/from the information 
layer on the far side. 

[0079] The difference in the transrnittance could be reduced by changing the concentration of Pd atoms contained 
in the recording layer, and the same effects as in thecase of changing the concentration of oxygen atoms were achieved. 



(Example 2) 

[0080] In Example 2, the optical information recording medium shown in FIG. 2 was produced. In the optica! infor- 
mation recording medium in this example, both of the first and the second recording layers 102 and 202 were formed 
of a write-once material of Te-O-Pd and the difference in the transrnittance in each information layer was adjusted by 
changing the composition ratio. 

[0081] A method for producing the optical information recording medium in this example is as follows. 
[0082] A disk-shaped polycarbonate plate having a thickness of 1 .1 mm and a diameter of 120 mm was used as the 
substrate 5 and a spiral groove having a width of 0.1 6 pm, a groove pitch of 0.32 jim, and a depth of 20 nm was formed 
on its surface. The second information layer 12 was formed by sputtering from the reflective layer 204 side on the 
surface of the substrate 5 where the groove was formed. 

[0083] The reflective layer 204 was formed using Ai-Cr and had a thickness of 40 nm. The protective layer 203 was 
formed using a material in which Si0 2 is mixed with ZnS (ZnS: 80 mol%, SiQ 2 : 20 moi%) and had a thickness of 17 
nm. The second recording layer 202 was formed using Te-O-Pd (Te: 30.0 at%, O: 65.0 at%, Pd: 5.0 at%) and had a 
thickness of 30 nm. Specifically, a target of Te-Pd (Te: 90 at%, Pd: 1 0 at%) was used and a mixed gas of Ar gas and 
oxygen gas was used as a film-forming gas. The flow rates of Ar gas and oxygen gas were set to 4.2 x 1 0' 7 (25 seem) 
and 4.7 x 10" 7 (28 seem), respectively. The protective layer 201 was formed in the same manner as the protective 
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layer 203 and had a thickness of 6 nm. 

[0084] Then, the intermediate layer 901 with a thickness of 25 jxm was formed. Specifically, it was formed by applying 
an ultraviolet curable resin onto the protective layer 201 , transferring the same groove as that of the substrate 5 to the 
surface, and curing the resin. 

5 [0085] Then , the first information layer 1 1 was formed from the reflective layer 1 04 side. The reflective layer 1 04 was 
formed using Ag-Pd-Cu and had a thickness of 10 nm. The protective layer 103 was formed using a material in which 
LaF is mixed with Zr-Si-Cr-O and had a thickness of 15 nm. The first recording layer 102 was formed using Te-O-Pd 
(Te: 36.7 at%, O: 53.0 at%, Pd: 10.3 at%) and had a thickness of 10 nm. Specifically, a target of Te~Pd (Te: 80 at%, 
Pd: 20 at%) was used and a mixed gas of Ar gas and oxygen gas was used as a film-forming gas. The flow rates of 

10 Ar gas and oxygen gas were set to 4.2 X 1 0" 7 (25 seem) and 3.3 x 1 0" 7 (20 seem), respectively. The protective layer 
101 was formed in the same manner as the protective layers 201 and 202 of the second information layer 12 and had 
a thickness of 22 nm. 

[0086] As described above, in the optical information recording medium in this example, the first recording layer 1 02 
had a lower concentration of oxygen atoms and a higher concentration of Pd atoms in the film than those in the second 

15 recording Iayer202. In such an optical information recording medium, the optical characteristics were measured in the 
same manner as in Example 1 , and furtherthe envelope and the error rate of reproduction signals were measured for 
evaluation. As a result, the difference in the transmittance between the recorded state and the unrecorded state in the 
first information layer 11 could be reduced so that the relationship (1) was satisfied, and the coefficient of variation of 
the envelope and the error rate could be suppressed to low levels. 

20 [0087] From the foregoing, it was confirmed that correct signals could be obtained during recording/reproduction on/ 
from the information layer on the far side by adjusting the complex index of refraction of the recording layer in the 
information layer located on the near side so that the difference in the transmittance of the information layer on the 
near side between the recorded state in this recording layer and the unrecorded state was 1 0% or less. 

25 industrial Applicability 

[0088] According to the optical information recording medium of the present invention and the method for manufac- 
turing the same, by using materials having different complex indices of refraction for recording layers in multiple infor- 
mation layers, it becomes possible to adjust the difference in the transmittance of the information layer located on the 

30 laser beam incidence side between the recorded state and the unrecorded state, so that it becomes possible to perform 
recording/reproduction on/from multiple information layers correctly. Thus, an optical information recording medium 
with an even higher capacity can be provided. Moreover, write-once recording layers tend to be designed so as to have 
a very high transmittance, and thus it is often possible to laminate multiple information layers. Therefore, the optical 
information recording medium of the present invention is suitable to be used for optical information recording media 

35 including a write-once recording layer. 



Claims 

40 1. An optical information recording medium comprising a substrate, at least m (m is an integer of 2 or more) information 
layers provided on the substrate, 

wherein each of the m information layers comprises a recording layer that changes irreversibly between a 
state A and a state B that are optically different from each other, 

in the case where the m information layers are taken as the first through m-th information layers in the order 

45 from a laser beam incidence side, when a recording layer included in the j-th information layer Q is an integer 

satisfying 1 < j < m - 1) is taken as the j-th recording layer, and when a transmittance of the j-th information layer 
at the time when the j-th recording layer is in the state A is TAj (%) and a transmittance of the j-th information layer 
at the time when the j-th recording layer is in the state B is TBj (%), the following relationship is satisfied in the j- 
th information layer: 

50 

0 < ITAj - TBjl / (TAj,TBj)max < 0.1 0 

where (TAj,TBj)max is a larger value of TAj and TBj, and 
55 at least one recording layer of the first through (m - 1)th recording layers is formed of a material having a 

complex index of refraction (n - ik, where n is a refractive index and k is an extinction coefficient) that is different 
from that of the m-th recording layer included in the m-th information layer. 
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2. The optical information recording medium according to claim 1 , wherein when a difference in the refractive index 
between the case 

where the m-th recording layer is in the state A and the case where it is in the state B is Anm, a difference in the 
extinction coefficient therebetween is Akm, a difference in the refractive index between the case where the j-th 
5 recording layer is in the state A and the case where it is in the state B is Anj, and a difference in the extinction 

coefficient therebetween is Akj, the following relationship is satisfied in at least one information layer of the first 
through (m - 1)th information layers 

lAnml + iAkml > lAnji + lAkjl. 

10 

3. The optical information recording medium according to claim 1 ; wherein further the following relationship is satisfied 
in the j-th information layer 

15 (TAj+-TBj)/2>50. 

4. The optical information recording medium according to claim 1 , wherein at least one of the first through m-th 
recording layers contains an oxide. 

20 

5. The optical information recording medium according to claim 4, wherein the first recording layer contains an oxide. 

6. The optical information recording medium according to claim 1, wherein at least one of the first through m-th 
recording layers contains Te-O-M (where M is a material containing at least one element selected from the group 

25 consisting of metal elements, semimetal elements and semiconductor elements). 

7. The optical information recording medium according to claim 6, wherein ail of the first through m-th recording layers 
contain Te-O-M. 

30 8. The optical information recording medium according to claim 7, wherein at least one of the first through m-th 
recording layers has a different concentration of oxygen atoms from that of at least one of the other recording layers. 

9. The optical information recording medium according to claim 8, wherein in the first through m-th recording layers, 
a recording layer provided nearer to the laser beam incidence side has a lower concentration of oxygen atoms. 

35 

10. The optical information recording medium according to claim 6, wherein the concentration of M atoms in the first 
recording layer is higher than that in the second through m-th recording layers. 

11. The optical information recording medium according to claim 1, wherein at least one of the first through m-th 
40 recording layers contains at least one selected from the group consisting of Sb-O, Sb-Te-O, Ge-O, Sn-O, in-O, 

Zn-O, Ga-O, Mo-O, W-O, andTi-O. 

12. The optical information recording medium according to claim 1 , wherein m is 4 or more. 

45 13. The optical information recording medium according to claim 1 , wherein m is 4 and the following relationship is 
satisfied 



50 



and 



55 



and 



(TA1 +TB1)/2 >80 



(TA2 + TB2)/2>70 
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CTA3+TB3)/2>70. 

14. The optical information recording medium according to claim 1, wherein the first through m-th recording layers 
5 have a thickness of 80 nm or less. 

15. The optical information recording medium according to claim 1 , wherein an information layer including a recording 
layer that can change reversibly between a state A and a state B that are optically different from each other further 
is provided. 

10 

16. A method for manufacturing an optical information recording medium in which a plurality of information layers are 
provided on a substrate, comprising 

at least m (m is an integer of 2 or more) steps of forming an information layer including a recording layer that 
can change irreversibly between a state A and a state B that are optically different from each other, 

15 wherein in the case where the information layers formed in the m steps are taken as the first through m-th 

information layers in the order from a laser beam incidence side, when an information layer provided in the j-th 
position from the laser beam incidence side is taken as the j-th information layer Q is an integer satisfying 1 < j < 
m - 1) and a recording layer included in the j-th information layer is taken as the j-th recording layer, and when a 
transmittance of the j-th information layer at the time when the j-th recording layer is in the state A is TAj (%) and 

20 a transmittance of the j-th information layer at the time when the j-th recording layer is in the state B is TBj (%), at 

least one recording layer of the first through (m - 1)th recording layers is formed of a material having a complex 
index of refraction (n - ik, where n is a refractive index and k is an extinction coefficient) that is different from that 
of the m-th recording layer included in the m-th information layer in such a manner that the following relationship 
is satisfied in the j-th information layer: 

25 

0 < ITAj - TBjl / (TAj,TBj)max < 0.1 0 
where (TAj,TBj)max is a larger value of TAj and TBj. 

30 

17. The method for manufacturing the optical information recording medium according to claim 16, 

wherein in at least one step of the m steps, a write-once recording layer containing Te-O-M is produced by 
reactive sputtering, using a target containing at least Te and M (M is a material containing at least one element 
selected from the group consisting of metal elements, semimetal elements, and semiconductor elements) and a 
35 film-forming gas containing at least oxygen gas. 
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